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100,000 Watt Lamp 
 
Designed and built  
by Westinghouse 
in 1930’s 
 to simulate full sunlight 
The 
High Energy 
Award 
Born: Victoria, Australia, 1937 
Refreshingly open and egalitarian in his outlook, Lynton was a well-known and 
well-liked figure around the University.  He was a frequent patron of the Senior 
Common Room and the Staff Centre, a habit he maintained uninterruptedly in 
retirement.  Wine ranked high among his interests and he regularly organized 
wine-tastings for colleagues.  
 
In memory:  Lynton Incoll 
Three Challenges  
of Controlled Environment Research 
 
Alter the environment: 
1.  to grow healthy plants 
2.  to predict field responses 
3.  to create precise levels of stress 
“If your experiment needs statistics, 
you ought to have done a better 
experiment”. 
   Ernst Rutherford 
   Nobel prize in chemistry, 1908 
born in New Zealand 
• Everyone believes a measurement, 
   except the person who made it. 
 
• No one believes a model, 
  except the person who made it. 
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The interaction between theory and knowledge is like having one foot 
on each of two ladders. 
 
Progress is most efficient if one step at a time is taken on each ladder. 
C
a
lc
u
la
ti
o
n
s
 

radiation 
temperature wind 
CO2 
Humidity 
(VPD) 
Root-zone 
temperature 
water 
Nutrients 
 
Oxygen 
The Nine Cardinal parameters 
for plant growth and development 
Photosynthetic spectral efficiency 
 is remarkably similar among species 
Original graphs from McCree, 1972 
Yield Photon Flux (YPF) 
Green Light Drives Leaf Photosynthesis More Efficiently 
than Red Light 
 
 
 
 
 
 
 
 
 
                    Ichiro Terashima, Takashi Fujita, Takeshi Inoue, Wah Soon Chow and Riichi Oguchi 
•             Department of Biological Sciences, The University of Tokyo 
  Photobioenergetics Group, School of Biology, The Australian National University,  Canberra 
 
 Plant Cell Physiol. 50: 684–697 (2009) 
Green Light penetrates deeper 
than red or blue light 
 Sun et al (1998) 
 Terashima et al (2009) 
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Green Light 
Kim and Wheeler, et al (2004) found that adding 24% green light 
to Red/Blue LEDs increased lettuce growth by 50% when both 
treatments were maintained at the same PPF. 

Biological effects of UV radiation 
New curve 
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Erythemal response curve 
CWF lamps may 
have the most  
Biologically effective 
UV radiation 
Biological effects of UV radiation 
New curve 


Increased blue light fraction causes 
decreased cell expansion, 
reduced radiation capture, and reduced growth 
  
but makes plant morphology more like the field 
High pressure sodium 
4.4 % blue 
 
10.0 g 
Metal Halide 
22.2 % blue 
 
8.9 g 
Dougher and Bugbee, 2002 

  Cool Neutral  Warm Fluorescent 
PPF =  96.9 78.6    95.8  31.4 
YPF =  82.7 68.9    86.6     28.0 
PPE =  0.82 0.84    0.84     0.83 
Volts = 12.0 12.0    12.0  28.0 
Amps = 0.62 0.63    0.80  1.02 
Watts = 7.44 7.56    9.6  28.56 
YPF/PPF = 0.853 0.877    0.903 0.891 
% Blue = 28.7 19.5    11.8  20.8 
PPF Efficiency = 13.0    10.4  9.98  
YPF Efficiency = 11.1    9.11  9.02  
cool white        neutral  warm white 
cool white            neutral      warm white 
Erectophile Planophile
Effect of Plant 
Morphology 
most monocots           most dicots 
Monocots appear to be less sensitive to light quality, 
Perhaps because their meristem in protected below several leaf layers 
meristem 
Crop Physiology Laboratory 
Utah State University 
